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Comment on “Quantum Opacity, the RHIC
HBT Puzzle, and the Chiral Phase Transition”
In a recent Letter, Cramer, Miller, Wu and Yoon [1]
(CMWY) presented a model based on a relativistic quan-
tum mechanical treatment of opacity and refractive ef-
fects on momentum correlations between pairs of iden-
tical particles and particle transverse momentum (pT )
spectra. The values of the ten model parameters were
obtained from a simultaneous fit to the HBT radii and
pion pT spectra measured for central Au+Au collisions
at
√
s
NN
= 200 GeV. CMWY conclude from the fitted
values of their model parameters that the data are con-
sistent with the emission of pions from a dense medium
in which chiral symmetry has been restored. In addition,
the authors provide predictions of the momentum depen-
dence of the HBT radii and pion pT spectra in the region
below 200 MeV/c. However, the authors chose not to
compare their model predictions with the published ex-
perimental data for pion yields at very low pT obtained
using the PHOBOS detector at RHIC. The purpose of
this Comment is to make the comparison of the CMWY
model predictions with the PHOBOS data.
The PHOBOS experiment has a unique capability of
measuring charged particles down to very low pT . The
results [2] reach pT as low as 30 MeV/c for charged pions,
and cover the region where the CMWY model predicted
notable structure in the pion pT spectrum. The published
model predictions are shown as a dashed curve in Fig. 1.
However, in the original paper [1] there was an error in
the representation of the STAR pion momentum spectra
[3], consequently leading to the extraction of incorrect
values of the model parameters. As a result, the dashed
curve, shown in Fig. 1, disagrees with the STAR data at
higher pT . This mistake was pointed out to CMWY by
the authors of this comment and, as a result, a new set of
model predictions for the spectral behavior at very low
transverse momenta was generated [4]. The corrected
model predictions, shown by a dotted curve in Fig. 1,
differ significantly from those published in [1]. More re-
cently, an alternative fit was performed in which the pion
momentum distribution used in the fit was modified “to
remove from the spectrum those pions that did not par-
ticipate in the Bose-Einstein symmetrization” [4]. The
results from this version of the fit are shown as the solid
curve in Fig. 1. It is clear that the predicted yield at low
pT is very sensitive to the values of the parameters and
the details of the model.
The low-transverse momentum charged pion yields,
measured by PHOBOS [2], are overlayed on the model
curves in Fig. 1. Since our analysis of particle production
in this momentum region does not allow for separation
of positive and negative pions, the invariant pT yields
measured for charged pions are divided by 2. It should
be noted that our results correspond to the 15% most
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FIG. 1: pT spectra of charged pions. Points show PHOBOS
published data for (pi+ + pi−)/2 yields measured in the 15%
most central Au+Au collisions at
√
s
NN
= 200 GeV. Bars de-
note statistical errors and the boxes correspond to 90% C.L.
systematic uncertainties. The crossed curve shows the extent
to which the yield is expected to increase (15-20%) for a more
central event selection in the data. Other curves show re-
sults of the CMWY model calculations with the dashed curve
representing the published results [1]. The dotted and solid
curves represent more recent model predictions [4]. See text
for more details.
central Au+Au collisions. The centrality of the predic-
tions is not clearly specified, but we infer from the data
shown that they are for the 5% most central collisions.
The number of pions per event is expected to be higher
for more central data. Thus, imposing a more stringent
centrality selection leads to yields higher than those mea-
sured by PHOBOS. One can roughly estimate the size of
this increase from the pT spectra measured by PHENIX
at higher pT for centrality bins of 0-5% and 0-15% [5]
or from the centrality dependence of the pT integrated
charged particle dN/dη yields measured by PHOBOS [6].
Both estimates give scaling factors in a range from 15 to
20%. Interpolation of the STAR published data at higher
pT [3] for centrality bins of 0-10% and 0-20% suggests a
similar increase. Multiplying our measured points by fac-
tors of 1.15 to 1.20 gives the thick crossed curve shown
in Fig. 1.
It is clear that it would be best to test models, such as
those discussed here, in a range of centralities. This re-
quires more central data, which will be provided by PHO-
BOS, as well as model calculations for less central colli-
sions. We conclude that the low pT pion yields uniquely
measured by PHOBOS provide valuable information for
evaluating models of the dense medium created in heavy
ion collisions at RHIC energies.
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